Effects of short-term repeated blood sampling on the secretion of corticosterone (CORT) and p-endorphin IP-END) were evaluated in male Wistar rats. Blood was drawn from the tail vein of conscious rats four times within 2 h both at the peak and trough period of the diurnal corticosterone secretion cycle. All rats were well accustomed to the procedure. The main findings were: (1) At both sampling intervals, CORT increased significantly in response to the first sampling and declined to baseline values in successive samples.
The various recommended blood sampling methods in laboratory rats appear as more or less stress evoking procedures which may affect both the quality of scientific results and the welfare of the animals. While some attention has been paid to the effects of blood sampling procedures on particular blood parameters (Walsh et al. 1980 , Wiersma & Kastelijn 1985 , studies on welfare consequences are missing. Alterations in circulating corticosteroids and p-endorphin should reflect the severity of this common experimental manipulation. Rapid increases of corticosteroid titres are found in response to handling (Dobrakovova et al. 1993) , restraint (Vallee et al. 1996) , and exposure to unfamiliar environments (Gartner et al. 1980, Correspondence to: A. Haemisch Armario et al. 1986 ). Most of these manipulations are necessarily applied when blood is drawn from conscious rats without using a permanent cannulation technique. Compared to corticosteroids, the meaning of endorphins in respect to animal welfare is less obvious. Elevations of endorphin titres are reported after surgical stress (Muller et al. 1981 , Schutt et al. 1987 ) but also following non painful treatments like immobilization (de Souza & van Loon 1985) . Although endorphins are frequently secreted in parallel with corticosteroids in response to acute stressors (Rossier et al. 1977 , Huhman et al. 1991 , persisting elevations of endorphins may indicate long-term welfare problems irrespectively of glucocorticoid titres.
The purpose of this study was to check the consequences of repeated short-term removal of small blood samples from conscious rats on circulating levels of corticosterone and fJ-endorphin. The time courses of both endocrine responses should enable an assessment of the stress intensity of this common procedure.
Methods

Animals
Ten adult male outbred Wistar rats (Han: WIST) were used. They were taken from three four-male groups kept in Macrolone cages (59cm x 38 cm x 20 cm high) under conventional laboratory conditions (temperature: to 22°C, humidity: 50%, 12h artificiallight/12h dark, light on at 06:00hl. They were fed commercial diet (Altromin 1324) and tap water ad libitum. Animals had been kept in the laboratory for several months prior to the onset of experiments.
Sampling schedule
Within each bleeding session, blood was removed four times within 2 h (minutes 00, 20, 60, 1201. Blood was removed from the tail coccygeal vein. Between single samplings, rats were returned to their home cages. Two rats were always bled simultaneously by two experienced assistants. Each rat was submitted to this bleeding schedule twice: once between 18:00h and 20:00h, starting at the peak time of corticosterone secretion and , once between 08:00 and 10:00h starting at the trough time. Between the two sessions all the rats were allowed to rest for one week without treatments. Each single blood sampling procedure consisted of the removal of the animal from its cage, gently warming the tail in preheated water (35°C-37°C) for 2 min, while keeping the animal in a hand, and puncturing the tail vein with a needle (l7G). Blood was collected in 1.5ml Eppendorf tubes from the end of the needle. Needles had been rinsed previously with a 10% EDTA solution and each Eppendorf tube contained 5 fll of a 15% EDTA solution to avoid coagulation of the blood during the blood draw. When the needle was placed precisely in the vein, sample volumes of up to 0.3 ml blood were gained quickly until the blood flow stopped. Then the needle was removed and Laboratory Animals (1999) 33
Haemisch, Guerra & Furkert persistent blood flow was stopped by gently pressing a clean tissue on the site, and the rat was returned to its home cage. Usually a trained assistant gained between 0.1 ml and 0.3 ml blood from a single venepuncture. In a few cases, one or two additional venepunctures were necessary to obtain enough blood. The total blood volume taken from a rat within the four consecutive samples did not exceed 10% of its circulating blood volume (about 20 ml in rats of 400 g body weight). Removal of blood volumes less than 10% of the circulating blood is accepted to cause only minimal adverse effects (Working Party Report 1993).The whole procedure of a single blood sampling took 3 to 5 min. Whether successful or not, blood sampling was terminated 5 min after the rat had been removed from its cage.
Biochemical determination
Blood was chilled on ice and plasma was separated immediately by centrifugation (8min, 1500g, 4°C). Plasma was aliquoted and stored at -SO°C until it was assayed within the next four weeks.
Corticosterone concentrations
These were determined in duplicate by a radioimmunoassay procedure. Steroids from 10fll plasma were extracted from kieselgur microcolumns with dichloromethane and after evaporation dissolved in a 1ml phosphate buffer (pH 7.2) (recovery 98%). Two fractions of 100fll were assayed using a specific corticosterone antibody (21-succinate-BSA, Endocrine Sciences, Lost Hills, USA) and tritiated corticosterone (l,2-3H(N)-corticosterone, 55 flCi/mmol; NEN, Dreieneich, Germany). After 3 h of incubation WC), free steroids were separated from the bound steroids by dextrancoated charcoal. Standards from 15-1000pg corticosterone (SIGMA,Deisenhofen, Germany) were analysed in parallel. All samples were analysed within one assay. Intra-assay coefficient of variance and assay sensitivity were 9% and 2 ng/ml respectively. Rabbit antiserum (Biogenesis, Poole, UK) directed towards synthetic human {J-endorphin was used. It cross-reacts to 70-77% with ovine {1-lipotropin. No cross-reactivity was found with Met-or Leu-enkephalin or their D-Ala derivatives.
The lower detection limit was 0.9 fmol/ tube. The intra-assay and inter-assay coefficients of variation were at 2.1 fmol/tube 15.3% and 7.8%; at 3.9fmol/tube 10.4% and 4.5%; at 7.1 fmol/tube 9.6% and 4.5%; at 15.2fmol/tube 9.6% and 6.1 %, respectively. The overall recovery of various amounts of {1endorphin exogenously added to rat plasma was 86.4 ± 4.5% and there is parallelism between the standard curve and dilution curve of samples containing endogenous {1-endorphin. As shown by HPLC ( Fig II, 
Results
Corticosterone Figure 2 shows the mean plasma-corticosterone titres of the four successively removed blood samples. Data are given separately for the peak (18:00h) and trough period (08:00 h) of the diurnal corticosterone secretion cycle. Friedman analysis revealed significant differences between samples at the peak period (df=3, i=8.6, P<0.051 and trough period (df =3, l = 12.5, P < 0.01).
Subsequent pairwise comparisons between samples by Wilcoxon tests gave, identically at both sampling periods, significant differences between the samples at 20 min and 60 min compared to both the initial and the final samples. Thus at both sampling intervals the repeated blood sampling resulted in a pronounced initial increase in corticosterone titres and a subsequent recovery to baseline values.
fJ-endorphin Figure 3 shows the mean plasma-endorphin titres of the four successively removed blood samples separately for the evening (18:00 h) and the morning (08:00 h) bleeding sessions. Friedman analysis revealed significant differences between samples removed in the evening (df=3, l=lO.l, P<0.02). Subsequent pairwise comparisons by Wilcoxon tests gave significant differences between the first and each of the three consecutive samples. A comparable pattern of endorphin secretion was found in the morning samples. Due to the reduced number of samples obtained at this sampling interval, differences between samples were only of marginal significance (df =3, X 2 = 6.84, P= 0.08, no further differences between single samples). As a general result the repeated blood sam- pling resulted in a longer lasting elevation of plasma p-endorphin titres.
Corti costerone B-Endorphin
Correla tions
Individual initial increases in CORT and p-END were computed as absolute concentration differences between the second and the first samples. In the evening samples, initial CORT increases correlated significantly with initial p-END increases [2 = 2.8, P < 0.005).
Additionally the initial CORT increase (2=2.1, P<0.051 and the initial p-END increase (2 = 2.2, P < 0.05) correlated significantly with the baseline p-END concentration as obtained in the first samples.
Discussion
In response to four repeated blood samples drawn within 2 h from the tail vein of conscious rats, plasma concentrations of both corticosterone and p-endorphin increased significantly in response to the first sampling. Subsequently corticosterone concentrations decreased to baseline values in the fourth sample while p-endorphin concentrations remained elevated. This pattern was identical at the peak and the trough of the diurnal corticosterone secretion cycle.
The initial rise in corticosterone shows that the single blood sampling procedure elicits an adrenocortical response comparable to many other laboratory procedures like handling, restraint or exposure to a novel environment (see introduction). It seems remarkable that these strong initial responses occurred although all rats were well accustomed to the procedure and did not exhibit any behavioural signs of distress during the whole sampling procedure. The absolute initial rise in corticosterone was less pronounced during the trough than during the peak time which is in accordance with similar effects of handling procedures (Seggie &. Brown 1975) .
The subsequent decline of corticosterone titres to base values in the final sample is probably due to the well-known feedback inhibition of the hypothalamic pituitary adrenocortical axis. The time course of corticosterone decrease corresponds well with 189 the corticosterone half-life time of about 60 min. Reductions of corticosterone secretion in response to the repeated exposure to an acute stressor are also reported for rats following white noise exposure (DeBoer et al. 1988 ) or short periods of restraint (DeSouza &. van Loon 1985) , and were found in hamsters after repeated exposures to social conflicts (Huhman et al. 1991) . Since the reduction in corticosterone response to repeated treatments disappeared when interstressor intervals were extended to allow a recovery of corticosteroids to base values between treatments (DeSouza &. van Loon 19851, the decreasing response to successive treatments in these experiments was also explained by the feedback circuit of the HPA-axis (DeBoer et al. 1988 ) rather than to a habituation of the individuals to the stressors.
In contrast to corticosteroids the plasma concentrations of p-endorphin remained elevated throughout consecutive blood samplings. In respect to the short half-life time of endorphins (a few minutes) this indicates a maintenance of elevated p-endorphin secretion and thus points to different regulatory mechanisms of the adrenocortical and endorphinergic stress responses. p-endorphin is secreted primarily from the pituitary where the highest amounts of the POMe precursor mRNA are apparent. p-endorphin is synthesized together with the adrenocorticotroph hormone from the larger POMC precursor molecule but undergoes an extensive tissue-specific post-translational processing. In the anterior lobe of the pituitary the corticotropin releasing hormone is the primary activator of this system but also dopaminergic effects are apparent (Meador-Woodruff et al. 1990) while in the intermediate lobe adrenergic and dopaminergic mechanisms play a more direct role in POMC synthesis, processing and release (Autelitano et al. 1987) . Thus differences in the adrenocortical and the endorphinergic stress response, obtained in the present study, may have been at least in part mediated via dopaminergic mechanisms.
Functional relations between endogenous opioids and hormones of the adrenocortical system are not well understood (Pechnick 1993) . But there are hints that endogenous opioids can inhibit adrenocortical responses (Rushen et al. 1993 ) and can facilitate the achievement of baseline corticosterone values after stress exposure (Tapp et al. 1981) . Data of the present study do not confirm either of these hypotheses. Positive correlations between initial corticosterone and endorphin responses contradict a possible inhibitory effect on the initial corticosterone response, and also no hints of endorphinergic effects on the achievement of baseline titres were obtained from the relations between the individual endorphin and corticosterone concentrations within consecutive samples.
Although functional relations between the two stress responses remain unclear some conclusions may be drawn to evaluate briefly the severity of the blood sampling procedures in respect to animal welfare. The time course of corticosterone secretion clearly indicates an absence of any sensitization of the adrenocortical response. For rats it has been shown that the sensitization of the sympathetic nervous system, the adrenal medulla system (Konarska et al. 1990 ) and the adrenocortical system (Orr et al. 1990 ) depend on stressor intensity. While low stressor intensities facilitate habituation processes (Nate!son et al. 1988) more intense stressors are crucial for sensitization processes (d. Broom & Johnson 1993) . Consequently the failure of adrenocortical sensitization in response to the successive blood sampling indicates that the sampling procedure was not of a severe stress quality. On the other hand the sustained endorphinergic stress response indicates that the rats did not habituate completely to the repeated stressors, but that in contrast to the feedback regulated HPA system other stress responsive systems were still active.
In conclusion, the repeated blood sampling resulted in different time courses of adrenocortical and {J-endorphin responses. While after an initial increase of both hormones the corticosterone concentrations returned to baseline values within 2 h, the {J-endorphin concentrations remained elevated. Lack of sensitization of the adrenocortical stress response indicates that submitting to the blood sampling procedure was not of an extreme stress intensity. Elevated titres of Laboratory Animals (1999) 33 Haemisch, Guerra & Furkert {J-endorphin might reflect states of moderate stress more sensitively than corticosterone, which might decrease due to the feedback inhibition of the hypothalamic-pituitary adrenocortical axis.
